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Again rather surprisingly, the solid-state chemistry of (À)-sparteine adducts of the alkali metal amides have thus far been neglected. Addressing this deficiency, we report here the synthesis and characterisation of the (À)-sparteine adducts of the synthetically important lithium and sodium bis(trimethylsilyl)amides (1 and 2, respectively). In addition, we report an intriguing, highly unusual hydroxyl-incorporated solvent-separated hexanuclear sodium sodiate complex (3)-a result which may perhaps shed light on the lack of research involving (À)-sparteine complexes of the alkali metal amides.
(À)-Sparteine-coordinated 1 was prepared by reacting n-butyllithium with an equimolar quantity of HMDS(H). This mixture was left to stir for 30 min, then one molar equivalent of (À)-sparteine was added (Scheme 1).z The solution was placed in a freezer (À28 1C) and X-ray quality crystals of 1, in moderate-to-good yield (64%) were precipitated. In an attempt to prepare a sodium analogue of 1, n-butylsodium was utilised. After stirring the (À)-spartiene and metal amide solution for 30 min, a crop of crystals precipitated at ambient temperature within one hour. To our surprise, X-ray crystallographic studies revealed that these crystals were not a simple (À)-sparteine adduct of NaHMDS, but an unusual hydroxyl-incorporated sodium sodiate,
À 3, despite the apparent strict use of an inert atmosphere and Schlenk techniques. This synthesis was deemed reproducible by checking the unit cell of several crystals from multiple batches of the crystalline material. It was assumed that the hydroxide contaminant arose from the reaction of the metal amide mixture with adventitious water which was present in the (À)-sparteine. When (À)-sparteine was subjected to a vacuum for two hours prior to use-in an attempt to remove volatiles such as entrained H 2 O-crystals of 3 were not forthcoming. Instead a microcrystalline material (2) precipitated from solution at À28 1C. Unfortunately, this material was not suitable for X-ray crystallographic analysis. However, by 1 H NMR analysis of 2 in D 6 -benzene solution, it was evident that the HMDS:(À)-spartiene ratio was 1 : 1 (akin to 1); different from the ratio for crystalline 3 in D 6 -benzene which was 5 : 2 (see ESIw). Crudely, these reactions show that if one molar equivalent of H 2 O is present, then it consumes six molar equivalents of NaHMDS to form 3-possibly suggesting why (À)-sparteine solvates of alkali metal amides (in particular NaHMDS) have not yet been utilised to any significant degree in asymmetric synthesis. A lithium analogue of 3 could not be detected.
X-Ray crystallographic studies reveal that 1 crystallises in the chiral space group P1 and is monomeric in the solid-state (Fig. 1) . Key bond parameters are given in the ESI.w Its Li centre is three-coordinate, adopting a distorted trigonal planar environment (sum of angles around Li, 356.21). As expected the greatest distortion from perfect trigonal planarity occurs at the (À)-sparteine-Li bite angle [89.9 (2) 12 Collum has meticulously studied the solution chemistry of LiHMDS in the presence of more than 100 synthetically-useful and commonly employed ligands! 13 Focusing on (À)-sparteine, his studies have shown that in hydrocarbon solution with a low concentration of the diamine present, the chelated monomer exists, with the exclusion of the solvated dimer or more highly solvated monomer, 13, 14 an observation which is in line with the solid state structure of 1.
X-Ray crystallographic studies reveal that 3 crystallises in the chiral space group C2, and due to its solvent separated ion pair composition, the cationic and anionic moieties of 3 will be discussed independently. Full crystallographic details are given in the ESI.w The cation (Fig. 2) contains two (À)-sparteine molecules which coordinate in the usual terminal fashion to two sodium atoms. To complete the structure of the cation, a HMDS anion bridges between the two metal centres, resulting in a distorted trigonal planar arrangement around Na1 (sum of angles, 354.11). The only previously reported complex which incorporates both sodium and (À)-sparteine is [(À)-sparteineÁNaMg(TMP) 2 n Bu]. 15 The Na centre adopts a distorted tetrahedral geometry in this complex, as a consequence its mean Na-N (À)-sparteine bond distance (2.4989 Å ) is slightly longer than that in the cation of 3 (2.4255 Å ). This decrease in coordination number accompanies a slight widening of the diamine bite angle [from 72.59(6)1 to 74.9(2)1 in 3].
The anionic moiety of 3 ( Fig. 3) consists of an almost perfectly planar eight-membered Na 4 N 4 ring [N4-N5-N6-N5* torsion angle is 01; Na2-Na3-N3*-Na2* is À1.84(11)1] which acts as a tetranuclear host towards a hydroxyl anion guest. This guest is disordered over two sites in the centre of the metal-amido ring (one above and one below the plane of the Na 4 N 4 ring, vide infra). The mean Na-O bond length is 2.336 Å . In addition to the Na-O bonding within the structure, each Na atom is bonded to two amido-N centres. The mean 'corner' Na-N-Na and 'side' N-Na-N angles of the octa-atomic ring are 81.06 and 170.961, respectively.
The structures of other discrete (Na-N) 4 eight-membered rings have been published by Veith et al. 16 These sodium amides, [{RNSiMe 2 OSiMe 2 NR} 2 Na 4 ] (where R is t Bu or SiMe 3 ) adopt fundamentally different structures from that of the anion of 3. Firstly, the rings in Veith's complexes deviate significantly from planarity, the Na atoms are stabilised by internal chelation, and of course, these complexes are electronically neutral. Donor-free NaHMDS has been isolated in the solid state as polymeric 17 and cyclic trimeric 18, 19 polymorphs, possibly indicating that other oligomers of NaHMDS (perhaps a cyclic tetramer akin to donor-free NaTMP, 20 TMP is 2,2,6,6-tetramethylpiperidide) may exist in solution. Despite the incorporation of OH À , the mean Na-N bond distance in the anion of 3 (2.398 Å ) is essentially identical to that in polymeric 17 and cyclic 18, 19 NaHMDS polymorphs (2.381 and 2.350 Å , respectively); the mean N-Na-N and Na-N-Na angles (100.07 and 139.701, respectively) are approximately 201 wider and 301 narrower than their respective counterparts in the anion of 3. This anion can be directly compared to a cationic crown ether complex. Whereas a neutral crown ether molecule encaptures a metal cation to become a cationic species, here the 'NaHMDS tetramer' encapsulates a hydroxyl ligand forming the anion of 3. In keeping with the chemistry and terminology developed by Mulvey et al., [21] [22] [23] this anion can be considered as the first anionic inverse crown ether. It is presumably isolable due to the immense steric bulk of (À)-sparteine which sufficiently stabilises the counter-cation of 3 (see ESIw).
Due to the large number of chemically distinct aliphatic H and C atoms in (À)-sparteine, the 1 H and 13 C NMR spectra for 1-3 are extremely complex (see ESIw). The key feature in all three spectra are that the resonances due to the diamine ligand are broader and differ slightly from those associated with the free diamine; hence, (À)-sparteine appears to remain at least partially coordinated to the respective metal centres in arene solution. For 3, only one resonance is observed for the HMDS group, despite there being two chemically distinct ligands in the solid-state structure. This may not be too surprising given the similar local coordination environment of the different HMDS groups (in both the cation and anion HMDS bridges in a m 2 -fashion to two Na atoms). Low temperature NMR studies proved futile in resolving the two distinct HMDS resonances.
To summarise, we have opened a new frontier in alkali metal HMDS chemistry by incorporating (À)-sparteine, and at the same time identified a problem that could occur if necessary purification procedures are not employed. In addition, we have prepared the first anionic inverse crown structure, which should pave the way for the development of a new Group 1 macrocyclic/supramolecular chemistry.
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Notes and references
z All reactions were carried out under a protective argon atmosphere.
Synthesis of [(À)-sparteineÁLiHMDS] (1):
n BuLi (1.25 mL of a 1.6 M solution in hexanes, 2 mmol) was added to 5 mL of dried hexane in a Schlenk tube. HMDS(H) (0.42 mL, 2 mmol) was added and the mixture was allowed to stir for 30 min, after which (À)-sparteine (0.46 mL, 2 mmol) was added. The colourless solution was reduced in volume by approximately 50% and placed in a freezer which was operating at À28 1C. After 48 h, small colourless X-ray quality crystals of 1 were deposited (0.51 g, 64% n BuNa (0.16 g, 2 mmol) was suspended in 5 mL of dried hexane in a Schlenk tube.
HMDS(H) (0.42 mL, 2 mmol) was added and allowed to stir for 30 min, after which (À)-sparteine (0.46 mL, 2 mmol), which had been subjected to vaccum for two hours, and toluene (1 mL) were added. The colourless solution was placed in a freezer (operating at À28 1C). After 24 h, a colourless microcrystalline material (2) 
